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A positively charged amino acid (Arg, Lys, or His) at position 129 in Rhodococcus rhodochrous ATCC
33278 nitrilase is essential for the activity of aromatic nitriles. The wild-type enzyme containing
Arg129 was active only for meta- and para-substituted benzonitriles with a methyl or amino group,
but the R129K and R129H mutant enzymes were active only formeta-substituted benzonitriles. The
lack of activity of the mutants for para-substituted benzonitriles may be attributable to steric hin-
drance between the para-substituent and the side chain of Lys or His.
Crown Copyright  2009 Published by Elsevier B.V. on behalf of Federation of European Biochemical
society. All rights reserved.1. Introduction
Nitrilases are thiol enzymes involved in the direct hydrolysis of
nitriles to the corresponding carboxylic acids and ammonia, with-
out the formation of amide intermediates (RCN + 2H2O?
RCOOH + NH3) [1,2]. Nitrilase activity has been reported in various
organisms, including bacteria [3], fungi [4], and plants [5]. Many
previous reports regarding nitrilases have described their occur-
rence, mechanism of action, characteristics, substrate speciﬁcity,
applicability, and gene cloning [6,7].
Selective biotransformation of nitriles has attracted a great
deal of attention in chemical manufacturing owing to the favor-
able economics of their preparation [8–13]. Unlike scalar chemi-
cal methods, asymmetric enzymatic catalysis is an optical
technique for the synthesis of enantiopure pharmaceutical mole-
cules [14]. Differential nitrile hydrolysis activities related to the
orientation of aromatic nitriles were reported previously in ami-
dase from Rhodococcus sp. AJ 270 that selectively hydrolyzes
meta- and para-substituted, but not ortho-substituted, benzonitr-
iles [12]. Recently, we reported that the amino acid at positiond by Elsevier B.V. on behalf of Fede
.142 in nitrilase from R. rhodochrous ATCC 33278 determined the
substrate speciﬁcity of aromatic and aliphatic substrates [15].
There have been some studies on selective biotransformation of
aromatic nitriles; however, the selective activities of nitrilases
with aromatic nitriles in different orientations have not been
elucidated.
In the present study, nitrilases containing a positively charged
amino acid (Arg, Lys, or His) at position 129 were found to be active
for m-substituted benzonitriles, and the selective activity was
elucidated using structural analysis.2. Materials and methods
2.1. Bacterial strains, plasmids, and growth conditions
R. rhodochrous ATCC 33278 was used as a source for nitrilase
and was grown aerobically at 26 C in yeast malt dextrose broth.
Escherichia coli ER2566 and plasmid pET-28a (+) were used as a
source of host and expression vector, respectively. The recombi-
nant E. coli cells used for protein expression were cultivated in
LB medium containing 20 lg/ml kanamycine at 37 C on a rotary
shaker at 250 rpm until the OD600 reached 0.6. Then, 0.1 mM
isopropyl-b-D-thiogalactopyranoside was added to the cultureration of European Biochemical society. All rights reserved.
S.-J. Yeom et al. / FEBS Letters 584 (2010) 106–110 107medium, and incubation continued at 150 rpm at 16 C
overnight.
2.2. Gene cloning, site-directed mutagenesis, and puriﬁcation of
nitrilase
The nitrilase gene was ampliﬁed by PCR using the genomic DNA
isolated from R. rhodochrous ATCC 33278 as a template. The se-
quence of oligonucleotide primers used for gene cloning was based
on the DNA sequence for nitrilase from R. rhodochrous J1 (GenBank
accession number D11425). Forward (50-TTCATATGGTCGAATACA-
CAAAC-30) and reverse primers (50-TTAAGCTTTCAGATG-
GAGGCTG-30) were designed to introduce of the NdeI and HindIII
restriction sites (underlined), respectively. The ampliﬁed DNA frag-
ment was inserted into the pGEM-T Easy vector (Promega, Madi-
son, WI). The NdeI–HindIII fragment from T-vector containing the
nitrilase gene was subcloned into the same site of pET-28a (+) plas-
mid and then transformed into E. coli ER2566. Site-directed muta-
genesis was carried out by using the overlap extension PCRmethod
[16]. The puriﬁcation method of nitrilase was performed as de-
scribed previously [15].
2.3. Activities and kinetic parameters of wild-type and mutant
nitrilases
The activities and kinetic parameters were determined as de-
scribed previously [15].
2.4. Homology modeling
The most probable structure was generated as described previ-
ously [15]. The generated structure was checked by PROCHCK [17],
and then chosen structure carried out minimization by CHARMM
[18]. After energy minimization, molecular dynamics (MD) was
performed at 300 K, 1 atm for 500 ps with 1 fs each step. All simu-
lation experiments were carried out on a HP XW6200 Workstation
with dual Intel Xeon 3.2 GHz processors. The substrates were
docked in the homology model by Autodock program [19]. Each
docking run consisted of 100 independent docks with 1000 itera-
tion cycles, and a random start was used to generate substrate po-
sition within the docking box. As a result, the substrate orientation
which gave the lowest interaction energy was chosen for other
round of docking.Table 1
Nitrile-hydrolyzing activities of the wild-type and Ala-substituted mutant enzymes of
the predicted substrate binding residues.
Speciﬁc activity (lmol/min/mg)
Benzonitrile m-Methylbenzonitrile
Wild-type 7.0 10.7
V49A 11.6 5.1
G103A 8.8 9.6
I104A 10.4 8.8
M114A 9.9 5.2
T115A 8.2 7.5
Q116A 9.0 9.9
R129A 0.0 0.0
R130A 17.7 14.5
Y142A 22.4 26.0
N164A 9.7 0.6
S188A 10.0 8.03. Results and discussion
3.1. Selection of the predicted substrate binding residues by molecular
modeling
There are currently no crystal structures available for nitrilas-
es, but the crystal structures of N-carbamoyl-D-amino acid amido-
hydrolase from Agrobacterium [20], NitFhit protein from
Caenorhabditis elegans [21], and a homologous protein of un-
known function from Saccharomyces cerevisiae [22], members of
the nitrilase super-family, have been determined. Recently, the
interactions between the structural subunits [23] and the role
of tyrosine in the active site [15] of nitrilase were described using
molecular modeling.
The catalytic triad of Cys165-Glu48-Lys131 is located in the
center of the homology model. Eleven residues around the catalytic
triad of Cys-Glu-Lys, i.e., Val49, Gly103, Ile04, Met114, Thr115,
Gln116, Arg129, Arg130, Tyr142, Asn164, and Ser188, were identi-
ﬁed to be within 4.5 Å of the substrate, forming the substrate
binding pocket. These 11 residues were selected as candidate
determinants of the activity toward aromatic nitriles.3.2. Ala-substitution of the predicted substrate binding residues
The 11 proposed residues were separately replaced with Ala.
The expression of the wild-type and mutant nitrilases was
conﬁrmed by SDS–PAGE (data not shown). Most Ala-substituted
mutants exhibited about 0.7- to 1.5-fold activity for benzonitrile
andm-methylbenzonitrile. However, the R130A and Y142Amutant
enzymes showed 2.0- to 3.7-fold activity and the N164A mutant
enzyme had low activity form-methylbenzonitrile, compared with
that of the wild-type enzyme for benzonitrile (Table 1). Previously,
we reported the role of Tyr142 as an electron acceptor [15]. Among
the 11 Ala-substituted mutants, only the R129A mutant exhibited
no activity not only for benzonitrile and m-methylbenzonitrile but
also for other aromatic nitriles. These results suggested that the
Arg129 residue is essential for the activity toward all aromatic
nitriles.
3.3. Site-directed mutagenesis of the residue at position 129
The Arg residue at position 129 of the nitrilase enzyme was re-
placed with amino acids containing different charge, hydrophobic-
ity, and side chain size, such as Ala, Val, Tyr, Asp, Glu, Lys, Trp, and
His, by site-directed mutagenesis. The wild-type and all mutant
enzymes were expressed and puriﬁed by HisTrap chromatography
as a single band with molecular mass of about 40 kDa (data not
shown) and were tested for activity toward benzonitrile and o-,
m-, and p-substituted benzonitriles with a methyl or amino group.
The wild-type enzyme had activity against benzonitrile andm- and
p-substituted benzonitriles, and the R129K and R129H mutant en-
zymes showed activities toward benzonitrile and m-substituted
benzonitriles. However, the other mutant enzymes (R129V,
R129Y, R129D, R129E, and R129W) showed no activities for any
of the aromatic nitriles tested. These results indicated that a nega-
tively charged (Asp or Glu) or neutral amino acid (Ala, Val, Tyr, or
Trp) at position 129 does not favor the activity against aromatic
nitriles, whereas a positively charged amino acid (Arg, Lys, or
His) at position 129 favors such activity. Moreover, the positively
charged amino acid provides selectivity for benzonitriles substi-
tuted at a speciﬁc position.
3.4. Kinetic analysis of wild-type and mutant nitrilases
The kinetic parameters of the wild-type enzyme and the R129K
and R129H mutant enzymes for benzonitrile; o-, m-, and p-meth-
ylbenzonitriles; and o-, m-, and p-aminobenzonitriles are pre-
sented in Table 2. The wild-type and R129K and R129H mutant
enzymes showed activity for benzonitrile and m-substituted
benzonitriles with a methyl or amino group, but no activity for
Table 2
Kinetic parameters of the wild-type, R129K, and R129H mutant enzymes for benzonitrile and substituted benzonitriles.
Substrate Wild R129K R129H
Km (lM) kcat
(min1  103)
kcat/Km
(min1 M1)
Km
(lM)
kcat
(min1  103)
kcat/Km
(min1 M1)
Km
(lM)
kcat
(min1  103)
kcat/Km
(min1 M1)
Benzonitrile 1068 ± 10 7.76 ± 0.07 7.34 ± 0.09 1468 ± 65 9.7 ± 0.08 6.6 ± 0.30 3130 ± 93 28.1 ± 0.05 9.0 ± 0.27
o-Methylbenzonitrile 0 0 0 0 0 0 0 0 0
m-Methylbenzonitrile 1851 ± 55 11.9 ± 0.49 6.41 ± 0.32 550 ± 4.0 9.5 ± 0.56 17.4 ± 1.36 592 ± 0.9 10.7 ± 0.32 18.2 ± 0.54
p-Methylbenzonitrile 2426 ± 68 41.7 ± 1.72 17.2 ± 0.86 0 0 0 0 0 0
o-Aminobenzonitrile 0 0 0 0 0 0 0 0 0
m-Aminobenzonitrile 1863 ± 24 17.3 ± 0.73 9.29 ± 0.41 456 ± 2.8 8.4 ± 0.06 18.5 ± 0.17 483 ± 9.9 9.2 ± 0.14 19.1 ± 0.49
p-Aminobenzonitrile 1699 ± 93 17.0 ± 0.32 10.0 ± 0.58 0 0 0 0 0 0
Data represent the means of three separate experiments.
Fig. 1. Proposed structures of the active sites of the wild-type (A), R129H (B), and
R129K mutant enzymes (C) with benzonitrile. The capped sticks and dashed line
present substrate and hydrogen bond, respectively.
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for p-substituted benzonitriles, whereas the mutant enzymes had
no activity toward these substrates. The kcat and Km of the wild-
type enzyme for benzonitrile were higher than those for m- and
p-substituted benzonitriles. In contrast, the kcat and Km of the mu-
tant enzymes for benzonitrile were lower than those for m-substi-
tuted benzonitriles. The kcat/Km values of the mutant enzymes
were approximately 2- to 3-fold for the value of the wild-type en-
zyme. Compared with the R129K mutant, the R129H mutant
showed higher kcat for benzonitrile andm-substituted benzonitrile.
These results might have been due to the involvement of His in the
stabilization of the transition state and in the catalytic reaction
[24,25].
3.5. Elucidation of selective nitrilase activity for speciﬁc orientation
of aromatic nitriles by homology modeling
The wild-type and mutant nitrilases from R. rhodochrous ATCC
33278 exhibited no activity toward o-substituted benzonitriles.
This might have been the result of strong steric hindrance between
the side chain of the Glu residue at position 48 and the o-substitu-
ent of o-substituted benzonitrile (Fig. 1). The nitrilase from R. rho-
dochrous J1 was reported to have little or no activity for o-
substituted benzonitriles. This poor activity was also attributed
to steric hindrance [7].
In the molecular model of the wild-type enzyme with benzoni-
trile, the nitrogen atom of Arg at position 129 interacted with the
oxygen atom of the same residue (Fig. 1A), whereas the R129K and
R129H mutant enzymes with benzonitrile had no hydrogen bond-
ing between the nitrogen and oxygen atoms (Fig. 1B and C). With
the disappearance of this hydrogen bond at the Arg residue of
the wild-type enzyme, a Lys residue at position 131 was inserted
into the active site of the mutant enzymes, and the size of the ac-
tive site was reduced. However, m-substituted benzonitrile had
sufﬁcient space at the catalytic residues in the wild-type enzyme
and the R129K and R129H mutant enzymes (Fig. 2A–C), and all
three enzymes had activity for m-substituted benzonitrile.
The interaction between the nitrogen and oxygen atoms of Arg
at position 129 in the wild-type enzyme provided sufﬁcient space
to accommodate the p-substituent of p-substituted benzonitriles,
and thus the wild-type enzyme had activity for p-substituted ben-
zonitriles (Fig. 2D). However, the smaller active site in the R129K
and R129H mutant enzymes caused steric hindrance between the
p-substituent of p-substituted benzonitrile and the side chain of
Lys or His at position 129; therefore, the mutant enzymes had no
activity for p-substituted benzonitrile (Table 2). Consequently,
the residue at position 129 is important for binding of speciﬁc
substituted benzonitriles.
In summary, the wild-type enzyme was active for m- and p-
substituted benzonitriles with a methyl or amino group, while the
R129K and R129H mutant enzymes were inactive for p-substituted
benzonitriles. The lack of activity of the mutants was insufﬁcient
Fig. 2. Proposed structures of the active sites of the wild-type enzyme withm-methylbenzonitrile (A), the R129Hmutant withm-methylbenzonitrile (B), and the active site of
the R129K withm-methylbenzonitrile (C), and the wild-type enzyme with p-methylbenzonitrile (D). The capped sticks and dashed line present substrate and hydrogen bond,
respectively.
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active site. These observations provide amore detailed understand-
ing of the role of a positively charged amino acid (Arg, Lys, or His) at
position 129 in determining the selective activity for speciﬁc orien-
tations of aromatic nitriles by nitrilase from R. rhodochrous ATCC
33278.
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